M igraine affects 11% of the adult population worldwide 1 and has been labeled "the third cause of disability in under 50-year-old patients" among all diseases. 2 Most patients report neck pain before, during, or after their migraine attack, [3] [4] [5] frequently resulting in the misdiagnosis of a cervicogenic disorder. 6 Whether neck pain is simply a symptom of the migraine attack or an indicator for an associated cervical musculoskeletal impairment, remains a topic of scientific debate. 4 Guidelines recommend mainly pharmacological management, as well as relaxation exercises and general aerobic activities for the prevention of attacks. [7] [8] [9] Specific musculoskeletal interventions such as manual therapy or specific neck exercises are only recommended, according to the guideline published by the British Association for the Study of Headaches, in cases where musculoskeletal impairments are detected. 10 Previous studies hypothesized that impairments in the neck might trigger migraine attacks 11 and could contribute to headaches, such as tension-type headaches, becoming chronic. 12 Therefore, missing musculoskeletal impairments could be negligent. 13 The rationale for identifying cervical impairments in patients with migraine is in order to determine whether cervical impairment should be considered in the clinical decision-making for a patient with migraine. However, patients without impairments should refrain from such specific treatment approaches but might benefit from general exercises or relaxation as nonpharmacological strategies to complement pharmacological management. 14 These general approaches could complement specific approaches in patients with impairment for a more efficient outcome. It is therefore essential to conduct a musculoskeletal examination for the presence or absence of such impairments.
A large number of tests have been suggested for this purpose, 15 and an international consensus study in which a Delphi survey approach was used has identified 11 tests considered the most useful by experts on physical therapy and headaches. 16 Additionally, the consensus tests have been applied in a sample of 138 patients with migraine compared with people who were healthy (healthy controls). Only 6 of 11 tests showed statistically significant differences between patients with migraine and controls. 17 To support the clinical choice of test and interpretation of its results, a comprehensive systematic review was conducted identifying all published tests for the musculoskeletal evaluation of patients with migraine and combining data from different studies to provide reference values for each test.
Methods Data Sources and Searches
A systematic review was conducted following the recommendations from the Cochrane Handbook for Systematic Reviews of Interventions 18 and reported according to the criteria of the PRISMA statement. 19 The protocol for the systematic review was registered in the PROSPERO database (ref. no. 53883) prior to the data collection. The databases PubMed, CINAHL, Web of Science, and the Cochrane Register of Clinical Trials were independently searched by 2 researchers. An additional hand search was conducted screening the reference lists of published reviews and of included studies. The contents of journals relevant for this field, defined as journals in which identified reviews and studies have been published, were additionally searched. The search strategy is listed in Figure 1 . Titles and abstracts and subsequently full-text articles were independently screened against the eligibility criteria by 2 researchers. The flowchart of the selection process is shown in Figure 2 .
Study Selection
Publications were included if they investigated musculoskeletal impairments in adult patients diagnosed with migraine and were published prior to December 2017. Randomized controlled trials, including interventional trials with diagnostic tests prior to intervention, and nonrandomized controlled trials such as case-control studies concerning patients with migraine were included. Inclusion and exclusion criteria are listed in Table 1 .
Data Extraction and Quality Assessment
Author names, year of publication, journal name, number of participants with migraine, number of healthy controls, mean [SD] age and sex of participants, headache frequency (d/mo), headache status during examination, system used for headache classification, tests used, and test data for patients with migraine and healthy controls-if reported-were entered into predesigned data extraction sheets. This procedure was performed by 1 researcher and entries were checked for correctness by a second researcher.
As recommended in the Cochrane Handbook for Systematic Reviews of Interventions, 18 the Downs and and Black Scale was used for risk-of-bias assessment. This scale is used to assess quality of reporting, external and internal validity, and power of study for 27 different items. The Downs and Black Scale was modified by excluding items 4, 8, 9, 13, 14, 16, 17, 19, 21 to 24, and 26 because they were designed to assess interventions. Two reviewers assessed the risk of bias of each included study independently. A quality index (QI) was calculated by dividing the sum of scores by the number of items. 20 A QI greater than 75% was considered to indicate a low risk of bias, a QI of 75% to 50% was considered to indicate a moderate risk of bias, and a QI less than 50% was considered to indicate a high risk of bias. For the QI, high internal consistency, good test-retest reliability, and high criterion validity were shown. 20 The between-rater agreement was tested by calculating the Cohen κ ((((((((((((endurance) 
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Data Synthesis and Analysis
A narrative synthesis was conducted for all included studies. If various migraine conditions were reported (eg, with or without aura), means and standard deviation including participant characteristics and test results were combined into 1 group using Statistics Toolkit STATTOOLS. 21 This procedure of combining means [SDs] complies with the recommendations of the Cochrane Handbook for Systematic Reviews of Interventions. 18 If physical examination tests were reported by more than 1 study and data were reported on comparable and homogeneous scales, data were combined in meta-analyses using random-effects models. 22 Heterogeneity across included studies was estimated using I 2 : an I 2 of 0% to 40% was considered to indicate heterogeneity that might not be important; an I 2 of 30% to 60% was considered to indicate moderate heterogeneity; an I 2 of 50% to 90% was considered to indicate substantial heterogeneity; and an I 2 of 75% to 100% was considered to indicate considerable heterogeneity. 18 Post hoc sensitivity analyses were performed excluding studies with moderate and high risk of bias (QI > 75%). Differences between patients with migraine and healthy controls were considered to be significant if the overall effect had a P value < .05 and an I 2 < 40%.
Results
Study Selection
Database and additional search methods identified a total of 285 articles. Duplicates were removed, and titles and abstracts of 211 studies were screened for eligibility. After 102 studies were excluded, full texts of the remaining 109 articles were obtained and assessed for inclusion and exclusion criteria. Full-text articles were excluded for different reasons: headaches other than migraine (n = 40), physical examination test not feasible for detecting differences in cervical musculoskeletal impairments in a physical therapy setting (n = 13), lack of a headache-free control group (n = 9), missing distinction between headache types (n = 5), study participants under 18 years old (n = 3), or not a clinical study (n = 4). Thirty-five studies were included in the qualitative synthesis. Of these, 18 studies were included in the quantitative synthesis (meta-analysis) (Fig. 2 ). 40 Eleven studies stated that patients were headache free on the day of examination. 17, 25, [32] [33] [34] [35] [36] [37] [38] 42, 52 
Study Characteristics
Risk of Bias
The results of the methodological quality assessment after the consensus meeting are shown in Table 3 . The agreement between the 2 assessors was high, with a Cohen κ coefficient of 0.75 (95% confidence interval [CI] = 0.69-0.82; P < .001). There were no items that showed a higher level of disagreement than others. In a total of 11 studies, a consensus had to be reached on 1 or more items. Sixteen studies were rated as having a low risk of 20 (50) 20 (50) 36 [11] 25 (68) 25 (60) 32 [7] 31 [9] 179 (92) 73 (84) 40 [15] 40 [13] 12 [8] 100
PAIVMs, % 23 All studies clearly described main outcomes (item 2) and appropriate statistical tests to assess main outcomes (item 18). Only 10 studies included participants who were representative of the entire population from which they were recruited (item 12). 11, 26, [31] [32] [33] 35, 41, 42, 51, 53 
Physical Examination Tests
Physical examination results of patients with migraine and healthy controls are presented in Table 2 50 and muscle tightness. 50 Meta-analyses were conducted for 7 different tests because these were homogeneous and reported by more than 1 study (Tab. 4): cervical range of motion, flexion-rotation test, pressure pain thresholds, joint position error, cervicovertebral angle, cervical lordosis, and cervical strength.
Range of motion.
Results of meta-analyses indicated that the mean combined cervical range of motion (all directions of movement) was significantly reduced in patients with migraine. 17, 29, 36, 45, 48 Flexion and extension were considered to have low heterogeneity (I 2 > 40%). Post hoc sensitivity analyses indicated that only results for extension and rotation were significant. 17, 29, 48 Using the sum range of flexion and extension, rotation, and lateral flexion for an additional meta-analysis, results were no longer significant. 24, 28, 50 A further study presented differences only for rotation 11 ; because SDs were not reported in that study, it was not included in the meta-analyses.
Flexion-rotation test.
The meta-analysis for the flexion-rotation test (sum of upper cervical left plus right rotation) showed a significant and homogeneous difference between patients with migraine and healthy controls. 17, 50 Conducting a post hoc sensitivity analysis, only 1 study showed a significant difference. 17 Two additional studies could not be included in the meta-analyses because of heterogeneous reporting. Of these, 1 study showed a difference between groups, 11 the other did not for migraine without a cervical impairment. 46 Pressure pain thresholds. Pressure pain thresholds for the temporalis muscle (before 35, 38, 44, 53 and after 35, 44, 53 post hoc analysis) and the sternocleidomastoid muscle below the mastoid process 42, 44 showed a significant and homogeneous difference between migraine and controls. Comparing pressure pain thresholds of the upper trapezius muscle (midpoint between spinous process of C7 and the acromion) showed no significant difference before 27, 30, 35, 37, 42, 44 but a significant difference after 35, 42, 44 sensitivity analyses. Data from studies not included in the meta-analyses showed significant differences between patients with migraine and healthy controls for supraorbital, median, ulnar, and radial nerves, 34 different points of the trapezius muscle 37, 44 and temporalis muscle, 38, 44 suboccipital muscles and anterior scalene muscles, 42 levator scapulae muscle, 37,42 frontalis muscle, 27, 44 and different cranial and cervical areas. 40, 50, 51, 53 Three studies stated no significant differences for various areas of the head and neck. 23, 33, 50 Two additional studies reported data only for subgroups of migraine.
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Joint position error. The meta-analyses for joint position error showed no significant combined mean difference between migraine and controls for extension and rotation regardless of the analysis.
11,50 One study was not included in the meta-analyses due to a different test procedure, but also showed no significant result for joint position error. 24 Another study did not report any data for joint position error.
45
Forward head posture. Pooling available data for the cervicovertebral angle showed no difference in a sitting position in patients with migraine and healthy controls 11, 24, 36, 48 but did show a difference in a standing position after sensitivity analysis. 11, 39 Cervical lordosis before and after sensitivity analysis showed a difference in a standing position. 11, 39 One study showed a significant difference when subjectively evaluating posture abnormalities. 26 Using another method to measure ventral translation of the head no difference could be shown in the sitting position.
17
Strength tests. Analyzing cervical strength, a difference between patients with migraine and controls was shown for extension, but not for flexion. 24, 41, 45 However, after sensitivity analysis only 1 study was left. 41 One additional study showed no difference in muscle tests for the shoulder girdle.
Tests not included in meta-analyses. The following additional tests could not be included in meta-analyses due to heterogeneous procedure and reporting: differences in the prevalence of latent trigger points were reported by 3 studies for various muscles, 17, 26, 48 and 1 
.
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Sensitivity analysis (>75% QI) additional study found no difference between patients with migraine and controls. 36 For the total tenderness score, ambiguous results were reported. 25, 35 Three studies reported that individuals with migraine are more likely to have temporomandibular impairments. 43, 47, 55 Another study reported a hypersensitivity to von Frey hair stimulation in patients with migraine. 54 In 1 study, thoracic screening and reproduction and resolution were identified as discriminating tests. 17 No significant differences between patients with migraine and controls were reported for the endurance of the neck flexors, 24 skin roll test, 24 craniocervical flexion test, 17,45 mechanosensitivity of neural tissue, 50 and upper cervical quadrant and passive physiological intervertebral movements. 17 Manual joint palpation led to controversial results in a number of studies. 11, 17, 24, 45, [48] [49] [50] 52 Discussion Overall, 20 different physical tests were suggested in the literature for the evaluation of musculoskeletal impairments in patients with migraine. Eight tests (passive physiological intervertebral movements, mechanosensitivity of neural tissue, skin roll test, endurance of neck flexors, sensitivity to von Frey hair stimulation, thoracic screening, reproduction and resolution, and muscle tightness) were only investigated in single studies and require further evaluation prior to standard use for the detection of musculoskeletal impairments in patients with migraine.
Meta-analyses of the results for 7 tests showed that the combined mean effect-when all available data are combined-indicates the usefulness of range of cervical motion testing, strength testing of cervical extensors, the flexion-rotation test, and pressure pain thresholds at the temporalis, sternocleidomastoid, and upper trapezius muscles. Forward head posture evaluation was only significant in a standing position, and joint position error did not distinguish between patients with migraine and controls. Not surprisingly, there is a large overlap with the tests included in the international expert recommendation for musculoskeletal testing of patients with headaches. 16 The only tests not included in that recommendation were strength tests for cervical extensors and pressure-pain thresholds. Both tests were included in the first round of the consensus procedure but considered "not useful" during the final round, because most physical therapists do not have access to pressure pain algometers or isokinetic machines for standardized strength testing. Pressure pain thresholds were considered useful for research purposes but not for clinical practice by the expert panel.
The most frequently investigated test that could not be combined in a meta-analysis due to the diversity in reporting of test results was manual joint palpation. This was also the test with the most controversial results: 3 studies reported no joint findings in patients with migraine, 11, 45, 50 whereas 5 studies reported significant differences between patients and controls. 17, 24, 48, 49, 52 Joint stiffness is difficult to quantify in a clinical setting and therefore relies on the subjective estimation of the examiner. Results are more reliable when pain provocation is considered. 56 In 1 of the included studies, patients were stratified based on pain provocation patterns during manual examination. 52 The results showed that there are 3 potential subgroups of patients with migraine: those with no pain during palpation, those with local pain during palpation, and those with pain referred to the usual headache site. The 3 groups were approximately evenly distributed and this might explain why research reports on cervical findings are so controversial in people with migraine: small-scale studies especially might have "by chance" included patients of 1 of the 3 subtypes. Not only the sample size, but also the inclusion criteria (eg, with or without associated neck pain, with or without cervical joint impairment) might therefore significantly alter test results. Similarly, trigger point evaluation was a topic of several studies, with most of them indicating the presence of significantly more active and/or latent trigger points in people with migraine. The heterogeneity of test sites, procedures, and reporting prevented the quantitative synthesis of results.
Insights into central nervous system mechanisms throughout the migraine cycle 57 explain the clinical phenomenon of why some clinical tests show different responses when tested ictally versus interictally. 58 This might also be the case for physical tests results, especially if tests focus on sensitivity measures (eg, von Frey hair stimulation, pressure pain thresholds, total tenderness score). Such sensitivity tests do not strictly evaluate cervical musculoskeletal impairment but a different aspect of the disease by detecting components of hypersensitivity, allodynia, or both. These have been shown in the past to vary throughout the migraine cycle. 59 Some other tests included in this review are classically used by physical therapists for the detection of cervical musculoskeletal impairment but rely on a pain response (eg, manual joint testing, evaluation of latent and active trigger points). Although it has not been investigated scientifically, such pain provocation tests are likely to show an increased response in patients with hypersensitivity or allodynia during the migraine attack and might therefore also vary during the migraine cycle.
For the clinical reasoning process of physical therapists, especially when deciding whether physical therapy is required for a patient with migraine, sensory testing is not required because it does not indicate musculoskeletal impairment. Based on the results from this systematic review the recommended tests for this purpose are cervical range-of-motion testing in extension and rotation, the flexion-rotation test, evaluation of the forward head posture in standing, and potentially-but not confirmed in meta-analyses because reporting was heterogeneous-manual joint palpation and evaluation of trigger points.
Additionally measuring sensory perception will provide information on hypersensitivity and/or allodynia, thereby indicating the stage within the migraine cycle, but also providing information on central processing of sensory stimuli and potentially putting into a different perspective physical examination results that require a pain response. The most recommended tests supported by meta-analyses in this systematic review are pressure pain thresholds over the temporalis, sternocleidomastoid, and temporalis muscles.
Neck pain is the most frequent associated symptom in migraine, more frequent than nausea and vomiting. 5 The number of publications and the wide variety in test approaches reflect the search for a physical correlate to these symptoms. Reported results confirm that there are indeed detectable musculoskeletal changes in patients with migraine, which can be assessed and quantified. Despite the prevalence, neck symptoms are not recognized as a trait symptom of migraine in the International Classification of Headache Disorders and none of the guidelines recommend assessment of the cervical and thoracic areas during the diagnostic procedure. Following the findings from this systematic review, it is recommended to examine patients with migraine for musculoskeletal impairments in order to guide clinical decision-making about whether musculoskeletal physical therapy is indicated as a supporting nonpharmacological intervention. Therefore, if musculoskeletal impairments are identified, a trial of treatment is worth considering to determine if those impairments influence the migraine.
60,61
Study Strengths and Limitations
To our knowledge, this was the first meta-analysis identifying different tests for the physical examination of patients with migraine and healthy controls. The methodological strengths of this report include an assessment of the risk of bias in quantitative data synthesis (sensitivity analysis). However, the results are limited by different test procedures and heterogeneous reporting. Thus, different devices were combined to investigate musculoskeletal impairments such as cervical range of motion. This seems to be common scientific practice 62, 63 and clinometric properties were reported to be similar. 64 For all measurement methods, however, sufficient homogeneity is ensured during the sensitivity analysis. Only half of the studies could be included in the meta-analysis. Based on given heterogeneity of the included test protocols, mean differences were analyzed using a random-effects model. There is also a need for research to differentiate between chronic and episodic migraine, but due to the limited number of studies it was not possible to distinguish between migraine types. Although this review shows a significant difference between patients and controls, the small number of comparable studies makes it difficult to draw a clear conclusion about the clinical relevance. The differences seem to be small, and there is a need for future research. Furthermore, only tests of the physical examination that are suitable for physical therapists and not costly or time-consuming were included. This limits the general statement about musculoskeletal impairments; however, relevant practical results can be shown, which can be easily integrated into practice.
Conclusion
More studies are required before definitive conclusions can be made about detectable musculoskeletal changes in migraine. There is some evidence pointing toward the presence of musculoskeletal impairments in patients with migraine, but some evidence is conflicting. Whether these musculoskeletal findings are the consequence of repeated migraine attacks or whether untreated musculoskeletal findings might contribute to a higher frequency of attacks or even trigger attacks, as suggested in previous publications, cannot be answered from this review. As a guide for clinical practice, the most likely tests for evaluation of musculoskeletal impairments in migraine are range of cervical motion (extension and rotation), the flexion-rotation test, and forward head posture in a standing position, as well as manual joint testing and evaluation of trigger points, although these 2 tests could not be combined in meta-analyses. Whether a test-specific musculoskeletal therapy is effective in patients with migraine should be part of future research.
